DOCUMENT RESUME 



ED 075 2U1 



24 



SE 016 070 



TITLE 

INSTITUTION 

SPONS AGENCY 

BUP.EAU NO 
PUB EATE 
CONTRACT 
NOTE 



self -Paced Physics, Segments* 1 5-1 7 • 

Naval Academy^ Annapolis, Md. ; New York Inst, of 

Tech. , Old Westbury. 

Office of Education (DHEW) , Washington, D.C. Bureau 

of Research. 

BR-8-04'46 

70 

N00600-68-C-0749 
66p. 



EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



MF-$0.65 HC-$3.29 

College Science; *Instructional Materials; Mechanics 
(Physics) ; *Physics; ^Problem Sets; Problem Solving; 
♦Review (Reexamination) ; Science Education; *Self 
Help Programs; study Guides 
Self Paced Instruction 



ABSTRACT 

Three review segments 
Course materials are provided in this 
match study segments 1 through 14, Ea 
composed of a set of problems and sol 
own individual study guide. The probi 
back-ref erenc5 ^'^g system, and the sera 
solution presentation • Directions for 
through the use of latent image study 
problem sets is to help students in i 
essential physics concepts which are 
Also included is a sheet of problem a 
numbers which locate correct answers. 
065 - SE 016 088 and ED 062 123 - ED 



of the Self-Paced Physics 
volume which is arranged to 

ch of the three segments^ is 

utions, and accompanied by its 

em set is designed as a 

mbling method is used in 
reaching solutions are revealed 
guides. The purpose of review 

solating and organizing 

common to problem situations. 

umbers with corresponding page 
(Related documents are SE 016 

062 125.) (CO) 



Di-.VLi.oi-KD ..ND i'RiiDi'u.D I'Nni.k rnK u'. i ri:D sta:k> 

N/U I C0KH<alI ';.\0()'M iD-bSC-U- -49 AND I'NirilD ^lAlE.^ 
urKClL Oir KDClAIjON, BURDXU OF kEM/.ARLlI , . PROJ KL 1 
/,'ri-0-*-D, FUR 1H1-: UNiIL-.D .-.lAli:.^ NAVAL aIaDEMY 



o 

UJ 



NEW^ORK I N. I ri U'll-. OF TlvCHNOLOGY , OLD WESTBURi , 
• LONG i:>LAi\D, NEW \ORK J 1568 



Fall, 1970 




US Dl PART ME NT OF HEAlTM 
EDUCATION S WtLf AHl 
OFFICt Of tDUCATlON 

iUNS AM [1 [U> NO! N(( i SsAMii « 

n't i'M{ Si \' I n lAi lU ^ i; { [ 



1^ 



SEGMENTS 15-117 



DEVELOPED AND PRODUCED UNDER THE 
U.S. OFFICE OF EDUCATION, BUREAU OF RESEARCH, 
PROJECT #8-0446, FOR THE U.S. NAVAL ACADEMY ' 
AT ANNAPOLIS. CONTRACT #N00600-68C-a749. 

NEW YORK INSTITUTE OF TECHNOLOGY, OLD WESTBURY, 



FILMED FROM BEST AVAILABLE COPY 















2 








•> 


t > 










3 




4 






I'H.. 


4. 


1 * '•» 


r 
•»■ 


9.1 






















7 














11 .1 


n 






1 V . . f 


5 


17a 


V* 




■J 






i }a 


10 












] ^ 












12 




\ ') 






i,Oa 


13 




? J 






i2b 


.U 


r?.f. 






15 




IS 


2C:h 








17« 


16 


12a 








.15 a 


17 


iSa 










IP 


5b 










19 


' '-h 










20 












21 


1 7b 










22 


15a 







/ 



ERIC 



I 



STUDY GUIDE 



SELF-PACED PHYSICS 



STEP 



NAME 



P 



1) 



2) 



3) 



mi/hr (ans) 



ft/sec (ans) 



ml sec 



(ans) 



□ □□□ 



1) 



2) 



» 

] 



(ans) 



(ans) 



STEP 



10 



11 



12 



13 



14 



SECTION 



SEGMENT 15 



A B C D 

□ □□□ 



(ans) 



(ans) 



(ans) 



(ans) 



(ans) 



(ans) 



15 



(ans) 



(ans) 



(ans) 



16 



(ans) 



(ans) 



r 



17 



ERIC 



(ans) 



(ans) 



STEP 



NAME 



a) 



STUDY GUIDE 



(ans) 



P STEP 



SECTION 



a) 



SELF-PACED PHYSICS 
SEGMENT 16 



(ans) 



b) 



(ans) 



b) 



(ans) 



a) 



(ans) 



(ans) 



b) 



(ans) 



(ans) 



(ans) 



a) 



(ans) 



(ans) 



b) 



(ans) 



10 



(ans) 



(ans) 



11 



ERIC 



(ans) 



STEP 



NAME 



12 



13 



14 



15 



16 



17 



ERIC 



STUDY GUIDE 



(anr) 
- ^ I 



18 



SELF-PACED PHYSICS 



STEP 



(ans) 



A B C D 

□ □□□ 



(ans) 



19 



=0 



(ans ) 



(ans) 



(ans) 



21 



22 



a) 



SECTION SEGMENT 16 



(ans.) 



(ans) 



(ans) 



_(ans)^ 



^ (ans) 



(ans) 



STEP 



NAME 



ERIC 



STUDY GUIDE 



(ana) 



(ans) 



STEP 



(ans) 



(ans) 




(ana) 



(ans) 



(anM) 



(ans) 



10 



11 



12 



SELF-KACED PHYSICS 



SECTION SEGMENT 17 



(ans) 



[ 



BCD 

□□□□ 



A BCD 

□ □□□ 



A B C D 

□□□□ 



^ B C D 

□□□□ 



(ans) 



STEP 



13 



lA 



15 



STUDY GUIDE 



NAME 



a) 



(ans) 



b) 



., (ans) 



] 



c) 



A BCD 

□□□□ 



(ans) 



SELF-PACED PHYSJCS 



STEP 



(ans) 



SECTION 



SEGMENT 17 



ERIC. 



SEGMENT 15 



PREFACE TO REVIEW SEGMENTS 

This volume of your Self-Paced Physics course con- 
tains three Review Segments which have been care- 
fully arranged to match corresponding sections of 
your PROBLEMS AND SOLUTIONS. You may find the 
grouping below helpful in organizing your review 
time. 



Review Segment Covers Topics in Study Segments 

15 1 through 5 

16' 6 through 10 

' 17 il through 14 

The review problems are numbered in sequence in each 
Segment, Previous study problem(s) to which each " 
review problem relates is shown in parentheses fol- 
lowing the review problem number, 
t 

For example, review problem 9 in Segment 15 iden- 
tifies the related material as 

9 (3-12; 1-10) . 

; which means that the tcipical substance of yeview 
problem 9 contains concepts and opierationa which 
are also involved iri both Segment 3, Problem 12 
and Segment 1, Problem 10, In this particular 
case, problem 9 is concerned with projectile motion 
in common with problem' 3-12, and with rectangular 
components- of. vectors in common with problem 1-10. 

We. recommend that you establish a pattern of review 
which will make full use of this back-referencing 
system. Despite the fact that there is almost 
an infinite number of ways to state a problem in a 
given field, the number^ of relevant concepts and 
operations are limited , By referring to the ori- , 
ginal problems before or after solving the review 
problem, you will profitably view essential opera- 
tions and procedural sequences from severaf dif- 
ferant vantage points. It will enable you to iso- 
late and organize the essential concepts that are 
common to so many problem situations. 

" *^ next page 

ERIC 
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continued 

Each Seginent Is accompanied by Its own Individual 
STUDY GUIDE to be retained in your flies as usual. 
And> as In the learning Segments, the problems are 
In numerical order but the solutions are scrambled 
so that the latent Image STUDY GUIDE must be used 
to locate the solution In which you are interested. 
You will at once observe, however, that the STUDY 
GUIDES for the Review Segments differ from those 
you have used previously in that there are no 
references to Information Panels, Audlovlsuals, 
assigned reading, or homework. Ill review problems 
are to be solved by everyone:, there are no alter- 
native paths. Finally, no provision is made for 
true-false follow-up questions or answers in the 
solutions or STUDY GUIDE. 



Completed STUDY GUIDES should be submitted for 
evaluation to your instructor in accordance with 
previously established procedures. These will 
be returned to you after they have been examined. 

Good luck. 



/ 
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r (1-1). A car moving on a straight road covers a distance of 0.7500 
ml In exactly 90.0 sec. Compute the average speed of the car (write 
your answer with the correct number of significant figures) 

1) in mi/hr 

2) in ft /sec 

3) in m/sec 



2 (1-13). The speed of a particle in meters per second is given by 
V a + bt. The units of constants a and b are 

A. a ■» m/sec b - m/sec^* 

B. a - m b - sec ^ 

C. a - sec/m b - sec^/m 

D. a - m/sec b - m/sec 



3 (2-6, 2-1). The magnitudes of vectors P f^nd Q in a given system of 
units are 20 and 40 respectively, and the angles which the vectors 
make with the positive direction of the x-axis are 15" and 75" 
respectively. 

1) What is the scalar product of these two vectors? 

2) What is the magnitude of their cross (vector) product? 



4 (2-10, 1-6). A train moving at a constant speed*^ of 60 mi/hr moves 
eastward for 45 min, then in a direlction 37" north of east for 15 min, 
and finally westward for. 30 min. What is the average velocity of the 
train during this run? , " ° ' 
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5 (2-14) A particle moves along a straight line with a time-dependent 
velocity given by 

V • at + Bt* 

If in 1 sec the particle has traveled 2 m and at the end of the let 
second its speed la 5 m/sec^ hcv far does the particle tr/ivel In 5 
sec? 



6 (2-17) • K man wishes to cross a river 500 m vide. His rowing speed 
relative to the water is 3.0 km/hr. The river flows at a speed of 
2 km/hr. The man's walk^jQg speed on shore is 5.0 km/hr.' If the man ° 
wishes t6 reach a point directly opposite his starting pointy at what 
angle co the line connecting start and finish must he head the boat 
in order to reach his destination in minimum time? 



7 (3-*6). A stone is dropped into the water from a bridge 144 ft hi^« 
Another stone is thrown vertically down from the same bridge 1 sec 
after the first is dropped. Both stones strike the water at the same 
time. Calculate the Initial speed of the second stone. 



8 (3«*9» 5*1). After Juttpingi a parachutist falls 50 m with his chute 
unopened. (Asaume zero air resistance.)' When the parachute opens ^ . 
he decelerates at 2.0 m/sec^. He reaches the ground with a speed of 
3.0 m/sec. Find the time the. parachutist is in the air. 



9 (3«^12, 1*10). A projectile is fired from a point o^ a flat plane 
and Just dears a 25*ft fence a distance ft away/ If • 125 ft 
and » 45*, find the initial speed. 
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10 (3-18) . A particle Is projected from the origin with an initial 
velocity of 40 m/sec at 37" above the horizontal. At the same time a- 
second particle is projected from the point (100 m» 0) vith an Initial 
velocity A^Q. After 4.55 sedonds the two particles collide In midair. 
What is : 

1 " 



11 (S-l» 4-16). Two blocks of masses m^ 10 kg and m2 " 5 kg are in 
contact on a frictionless table as shown in the diagram. 









F=30nt 
» 








ITIj 





A horizontal force of 30 nt isfjapplied to the block of mass mx« Find 
the force acting on mass m2« 



12 (S-S» 4-32). A block of mass m is sliding down a plane inclined at 
45^ to the horizontal. If the acceleration of the block is 2.0 m/sec^t 
find the coefficient of kinetic friction. 



A. 0.31 

B. 1.1 

C. 0.71 

D. 0.51 




figure^ a force F is used to 
pull the box at constant speed 
along a horizontal surface 
that has a coefficient of 
kinetic friction yi. « 0.60. 
What is the angle 8 at which 
the magnitude F of the required 
force 18 minimum? 




A 
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14 (5-11). What Is the minimum value of acceleration of an airplane 
on a runway that will cause a 30^kg block placed against the rear 
vertical wall of the plane to stick there? The coefficients of static 
and kinetic friction are O.AO and 0.30, respectively, for all surfaces 
inside the plane. 



15 (5-12). A block of mass mi - 2.0 kg is attached to the wall by a 
string and lies on top of a block of mass mg T 6.0 kg as shown in the 
diagram. 




The coefficient of static friction between the blocks is 0.6t)NMd that 
between the block of mass m2 and the floor is O.AO. What is the^Molnimum 
magnitude of the horizontal force F that will cause m^ to start mov 



16 (5-13, 5-2, 4-6). Two masses m^ - 4.0 kg and m2 - 2.0 kg, attached 
by a rod of negligible mass parallel to the incline on which both slide, 
travel down along the plane with m2 trailing mj^. (See .diagram.) ~ 




^37^ 



The angle of the incline is 9 • 37^. The coefficient of kinetic friction 
between and the incline is ii^ ■ 0.10, between m2 and' the incline is 
M2 " 0.20. Find the common acceleration of the two masses. 
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17 (5-18^ A 

Inltlall) 

ting at A.O tt/ 

deceleration? 



man stands on a scale In an elevator. The elevator 
vnward at a constant speed; then it starts .decelera- 
^. Vhat is the reading of the scale during the 
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[a] roTRREri WER: 25. A* 

ua ixiot solve the problem symbolically. The symbols used are: 
vg£ - Vq - speed of the river relative to the Earth 
vjy ■ - speed of the boat relative to the water 
Vjjg - u « speed of the man relative to the Earth 
d - width of the river 



Let 6 be the angle at which the boat heads. The componc^nts of the 
resultant velocity v^ and vy are 



Vb COS0 



Vo - 



sine 



Therefore, the time t^ the boat takes t cross the river is 



ti -0— - 



vx J cose 



(1) 
(2) 

(3) 



EKLC 




The distance y (this is the 
distance downstream between the 
man's landing point and his 
destination) is given by 

y * Vytj 

- <Vo - Vb sine) tj (A) 

The time, t2» required to walk 
back to his destination is 



u 



Substitution of values for y and t^ from equations (4) and (3) yields 



^ ^ (vq - Vb sine) d 
^ uvb cose 

To obtain total time T, we add t^ and t2. Therefore, 



Note: In 



T - t, + t^ - A (l + «^)-^ - ^ tane 
* * Vb \ u/cose u 

equation (5) the quantity Vq - Vb sine must be positive. 



(5) 



(6) 



next page 
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continued 

To mlnlmlzf* Jie function, we differentiate T with respect to 6 and 
equate to zero. 



or 




Th CTJgf ore e - 25.4° 



COimiL,i /iNSWER: 1) 400 



2) 693 



1) Th"^ given vectors are oriented as shown In the diagram. Note 

that the angle between^ and 1$ 
y I 4 Is 60° so the scalar product Is 

given by 

P»Q - PQ cose 

- (20)(40)(cos60°) 

- 400 




2) Th« cross product Is a vector of magnitude 
j?>c$I - PQ sine - (20) (40) (0.866) 



- 693 
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CORRECT ANSWER: 43 nt 

If M2 is to start moving, the applied force F must be greater than the 
sum of frlctlonal forces, i.e., 

F > fj + fj 

where 

fl ■ Vsi^i - PsiOiR 

f2 - ^82^2 " »*S2(™1 + "2) 8 
Thus the minimum necessary force is 

F - f 1 + f2 - P8l™l8 W82(™1 + "2^ 8 
- A3.1 nt - 43 nt 



CdRRECT ANSWER: 10 nt 

First, we treat the blocks as a group to find the acceleration; 
then we Isolate the block of mass-in to calculate the force of contact. 
Since the force of friction is Ignored, the sum of 'the forces in the 
x-dlrection Is ' 

23Fx - F - (mj + mj) a 

Therefore^ 

a - Z m/iaec ^ 

Nov for the block of iaass m2 to accelerate at 2 m/sec^, an unbalanced 
force must act on It. Therefore, 

- 10 nt 



the force acting on mass m2« 
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(a] CORRECT ANSWER: 150 m ^ 
From the velocity^ equation, 

V - at + $t2 (1) 

the displacement is 

8-Jvdt- (at + 0t2) dt - I at^ + i Bt3 (2) 

Setting t - 1 sec In equations (1) and (2) and uslxig the given 
data we obtain 

2 - 8 (at t - 1) - y a + ^ B 

Si 

5 - V (at t - 1) - a + e 
Solving the system of equations we obtain 

a - 2 and 8-3 

Therefore » at t - 5 sec, the displacement Is 

s (at t - 5) - I (2) (25) + i (3) (125). - 150 m 



[b] CORRECT ANSWER: A 

As stated In the problem, the speed la neasured In meters per seconds 
Every term In the expression for speed must have the same units. 

Therefore, 

a • m/aec 

and 

bt - m/sec 

or 



EKLC 
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ta] CORRECT ANSWER: 31* 




mg 



When the box Is tmvlng at a constant speed, the horizontal and vertical 
components of the -net force on the box must be zero: 



- F cose - f - 0 

F„ - F sine + N - og - 0 
y 



and 

f - y^N 
Solving for F, we obtain 

F - 



cos9 + iijj. sln9 

To alnlmlze F, ve put dF/d6 - 0, I.e., 
dF '^k'"^ 

de - - (cose + si"9)^ ""^'^^ " ° 



(1) 
(2) 

(3) 

(A) 



or 



Thus 



e — tan~^0.6 - 31' 



SEGMENT 15 11 
CORRECT ANSWER: 17 sec 

The speed when the parachute opens and the time t^ during free fall are 

V - T^2g8 (1) 

where s " 50 m, and 

t, (2) 

respectively. 

The time t2 required for the remaining part of. the trip may be obtained 
from ^ 

V£ - V - at2 (3) 

where Vj ■ 3.0 m/sec and a - 2.0 m/sec^. 

Therefore * 

V - Vf 

t2 - - 

I "- — ... ' 

- 14. 2 sec 



and 

8 

- 3.2 sec 

r 

Therefore, total tiara " tj + t2 ■ 17.4 sec » 17 sec 



12 
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CORRECT ANSWER: 180 lb 



777777 



9 

$1 



TTTfT 



V mg 

N + w ■ ma 



A free-body dlagr^rm shows 
all the forces on the man. 
The force of gravity, w, 
Is directed downward. 
The reaction force, N, of 
the scale-platform on the 
man (which is equal in 
magnitude to the reading 
of the scale) is directed 
upward • 

^Now, deceleration in the 
downward direction is 
equivalent to positive 
(upward) acceleration. 
Thus, 



or 



and 



N - mg - ma, 



Reading of the scale - N - in(g + a). - (32 + 4.0) - 180 lb 



CORRECT ANSWER: 25 m/sec^ 

In order for the block to remain stationary, the frlctlonal force 
must be at least equal to Its own weight: 



or 



f • yN - B 
yma - mg 



Thus, 



a - i - 14;. - 24.5 m/sec^ - 25 m/sec^ 
y 0.40 
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[a] CORRECT ANSWER: 26 m/sec and 9 - 67* 

At the time of collision, both particles h^-^e the same coordinates, i.e., 

3^1 ■ ^2 

at t - 4,55 sec (1) 

yi - yi 

The equations for coordinates are 

Xj « Vj cos9i t (2) 
yi.-.vi sln9i t - "I gt^ (3) * 

and ' ' 

^ X2 - X + V2 cos92 t • (4) 

72 - V2 sln92 t 7 Y gt2 (5) 
From (1), (3) and (5), we get 

V2 sln92 ■ slnO^ (6) ^ 

and from (1), (2) and (4) 

V2 cos92 - Vi cos6x • ^T" (7) 



From (6) and (7) 
f Vo - A/Vi*- - 2Vi cosOi — + -^- 25 m/se: 



VX X 2 

- 2vi cos9i + -5- - 26 m/e 



and 



tan9^ - 5^ « 2.4 



8ln9| 
vj cos9x — ^ 

92 - 67,4* 67^ 
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[a] CORRECT ANSWER: 



19 ml/hr, 19° north of east 
y( north) 



x(east) 



The average velocity Is 

D - y/D2 + D 2 



where 
and 



^o'3 



(1) 
(2) 



27 ml 



Therefore 



-and 



- 0 + Vgtg slnS?" + 0 

- 9 ol 



D - 28.4 ml 



t - ti + t2 + tj 
- I.'S hr 



V - 18.9 ml/hr - 19 ml/hr 



and makes ap angle of 



easterly direction; in. other words, makes an angle of 19* with 
ERJC easterly direction. - «» 
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[al CORRECT ANSWER: C 




The sums of the forces In the x and y directions are 



and 



]^Fj^ - PfeN - mg slnAS" - -ma 
S^y " N - mg cos45° - 0 



/ 



where P|jN - f , the force of kinetic friction. * 

Solving the simultaneous equations ^f or p^, one obtains 

. - uk - S sin^S" r a 

g cps45° . - 

(9.8-m/sec2)(bi707) -^ Z m/sec^ - ' ; 

■ (9.8 m/8ec2)(0.70^) \ : ' 

' ' .. ^" . ■ o-:, - 

- 0.71, the coefficient dtjclnetlc frlct 

Note that the coefficient can be calculated wliEhout^^ref erehce to- they 
mass of the block. > ■ * ' ^ ir^ " 



16 SEGMENT 15 
CORRECT ANSVEA: 40 ft/sec, 

Let t be the time required for thie first stone to reach the water. Then 

l^A - i gt2 (1) 



For the second stone, we have 



lAA - Vo(t - 1) +1 g(t - 1)2 (2) 

From (1) and (2), we obtain 

' • > -jSt^ - Vo(t - 1) +|g(t - 1)2 

or I 

gt - 2" g 

Solving for t In (1) » we obtain 

• t - 3 sec . 

' * - 40 ft/sec 



CORRECT ANSWER: 1) 30.0 ml/hr 2) 44.0 ft/sec 3) 13.4 m/sec 

1) Prom V - As/ At; we find 

The distance vas given In 4 significant figures and the time In 3. 
Therefore^ the answer must be written In' 3 significant figures; l.e.» 

. V - 30.0 ml/hr 

2) Using the relationship 60 ml/hr « 88 ft/sec ^we find 

V " 44.0 ft/sec 

3) In the MKS system ' ^ . 

V - 44.0 K 12.0 |2. K 2.54 X Jl- 
sec ft In 100 cm 

or . ' 

V ■ 13.4 m/sec 
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[a]. CORRECT ANSWER: 4.8 m/sec^ 




Mass mil 

The equations of motion In the directions parallel to and normal to the 
Incline are r 



and 
where 



slnO - T - - m^a 



(1) 



(2) 



Substituting the equivalent of and solving equation (1) for T, we 
obtain 



T " wj* sine - ViWi COS0 - mi*a 



(3) 



Mass 



where 



sln8 + T - f 2 * 
^ N2 " W2 cose 



(5) 



Solving equation (4) for T after substituting the equivalent of f2 from 
equation (5), we find that 



T " -W2 sinG + Ui^2 cos8 + m2a 



(6) 

next page 
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continued 

Equating equations (3) and (6) and solving for a, it is seen that 

1 



" SP^I^"! *'2^ " ^"1*1 ^ "2*2) cose 

" * sine - (UjHij + P2in2> ""^^^l 

■ 4.8 m/sec2 



[a] CORRECT ANSWER: 71 ft/sec 













y t 


] ^ 


J \ 


y,=2Sft 


i \ 
\ 


X'. 1 


\ 



x, = nsft- 



- Vo(cos9o)ti. 



(1) 



vhere t^ is the time the .projectile takes to reach point (Xj , yj)*, and 



- v^(sineo)ti - ygt^Z 



. (2) 



Solving equation (1) for t^ and substituting the value obtained in 
equation (2) yields 

1x2 

yj - xi tane - i g ^ . (3) 

* ■ ° 2^ Vq'' cos^Oq 



Therefore, 



(l/2)gxi2 



(Xj tanSj, - yj) cos2ej 



1/2 



-70.7 ft/sec - 71 ft/sec 




ALL WRITTEN MATERIAL APPLICABLE TO 
THE FOLLOWING SEGMENT IS CONTAINED 
IN THE PAGES BETWEEN THIS COLORED 
SHEET AND THE NEXT, 



o 
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1 (6-8, 6-2), A 2.0-kg sphere is tie one essi of a string 1-merer 
long. The sphere is whirled around i ^ aorlzcir-al circle vlch an angular 
speed of 2.0 rad/sec. 

a. Calculate ^he magnitude of the sphere's acceleration. 

b. Calculate the tension in the string. 



2 (6-9, 6-1, 4-29, A-26). The 8.00 lb particle in the figure below is 
attached to a vertical rod by means of two strings of equal length — each 
5.00 ft. When the system rotates about the axis of the rod the strings 
become extended as shown. 

a. How many revolutions per minute must the system make in order 
for the tension in the upper cord to be 15.0 lb? 

b. What is then the tension in the lower cord? 

MX5 



.00 ft 



8.00 ft 




8.001b 



5.00 ft 



: (6-14). A highway exit is a circular curve of radius 300 ft. If the 
road is I'vel, what minimum coefficient of friction between the auto- 
Tiobile tires and the road will prevent skidding at 30 mph? 



C6-15). The pilot of aa w itn^l i MW t-lving vertically at a velocity of 
m « pulls out af t^, «fc«oging his course to a circle in « 

■'swttca. plane. What ii» ^ minivBB radlvn of tfte circle ta feet vbAch 
'^J : insure that the acceleration at ' the Ipwcst point will mor ojccMtf 7 g? 



2 
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5 (6- ..0 



bead can slide without 



zrion on a cLmzxlur hoop of radr^ 
10 cir in a v^rt.ical plaoe. The 
hoop rotates at a constant ^etr 
cf 2.0 rev/sec about, the v»r 
diametsr shown in the di-azrsr. 
Find the angj.e 6 at whi :t: rne leac: 
is in equilibrium. 





6 (/-2, . A man pushes e 60-lb block along a, . vel floor with a frriTrs 

directs ^5* below the horizxnital. If the coeff iii^^at of kinetic friction 
is n 70 



7 (7-5;) • The magnltucae of the force In pounds required to stretch a cexrtaln 
spriai^ a distance of x feet beyond its unstretched langth is given by F * lOx. 
How iBBsch wr^K is required to stret: the spring by I .0 ft? 



8 (7-9)^ A 1.0-kg block :i3 attachec to a spring on a frlctlonless liorizontal 
surf»c«:.. spring when rans tret chec has a length of 0.25 m ^including the 

block) and ute force conamnt is 10^ nt/m. What is tne work done in stretch- 
ing the t^prctzig when the b.ivck is mymi from - 0.15 ra to - 0,30 m? 




nKnre~the block 



''b) 'vtm much work is done by the nornuil force 
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9 (7-10). A constant horizontal force o' nt is zised to piish a 

block along a horizontal floor. 



(a) How much work does the forc^- do raving the block through 10 m? 

(b) If the block moves at a conjzrant of 2 in/sec, what Is the 
power delivered? 



10 (7-15). A particle of mass m is pr >-ct"^-: from ground level at an 

angle 9 to the horizontal with an ini: ?irreed of Vq. The kinetic energy 

of the particle at the highest point ^ : that at the ground level. 

Find the angle of projection. (Neglec ' a. resistance.) 



11 (7-2A, 8-1). A A-kg block slides c;>wr- 




30** inclined plane. Th^ speed 
of the block at point A is 
1 m/sec, and at B it is 
3 m/sec. If the "distance 
from A to B is 2 m, what is 
rhe work done by friction 
between A and B? 



12 (7-27). A 5.00-kg block starts to f ' rip up an inclined plane-vith a 
speed of AO.O m/sec at the lowest poinr The block stops momentarily near 
the top of the incline and then slides irmm agrrin. The angle of— the incline 
is 37^. .If, on return, the speed of the block mt the lowest point on the 
incline is 30.0 m/sec, how much energy -is dissipated di^ to friction? 



13 (8-5, 7-18). A 3-kg body at rest at p«iri 




: A slides down a sioooth 
track as shown in the diagram. 
Find the horizontal distance x 
frc3 points Q to D where the 
body lands* 



4 
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1^ (8-18) 
Th« other 



A AO-kcg DE..:: is Ettachsd to one encr of ^'-gid, massless -od. 
end 



of zhe : i is z^rr^ec zed 



to a 




fTic:.-_n" ..-ajse pivot. The 
Is re. '^a#ed from rest fz j 
positz^an - as ^hovn In rne 
diagrnrr. What Is the tensi on 
In th ^ rc?c in newtons when 
rhe b 1. swings through thf 
lowe? pcrlrji (B)? 



15 (8-r). For a force 




vhcre K Is a constant and U#«»? • 0, what is tb- potcaitlal energy i ik) f 
a particle located at an a r hirmary point x? 
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16 (S-13). A 0. £ block is press*^ -igalnst, but not attached to, a 
light spring havi^'ii a spring consr :r. 1,2 x 10^ nt/m. Wlien the 

spring has been \:npressed 0^05 rr e Dlock is released. The bloc k 
slides along a fr^^^taonless ir:cl: suirface. What maximum heie'^t does 
the block reach b^iicre sliding ba.. . .icvn the plane? 



A piece of 3/A-inch plyv 
: I -iniform mass desjEity and thickne: 
iind the coord inatsi*? of the center 



c las oeen cut into the shape shown, 
are aasuxcied for this piece of wood, 
inass • 




(feet) 



IB (?--6. our i*t4«rtlcles wirh respective masses m^ - m2 



m- 



m, 



3 kg and 
1 kg occupy 



the four corners of a 
4 m X A m square as 
shown, in the diafrAB&« 
Each particle Is subjr^r 
to a t ^ ^rce ' tl^ 

dir*K :icti t^nowiii ^Hie 
diagram. CaJ.cula*ce the 
acceleration of the centner 
of mass of this system. 



6 
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19 (10-1) • A bod^' witr a nrss of 3 kg slides down a curved track which is 




20 (10-5 9-*i). Pwwr ^particles, each ©f m/BLsm 3 kg, ocrupy th« four 
corners ofM 4*in 4 m squaz&s as shown ±ai the diagraas* Each particle Is 
mowing with * a©e ' ::f 10 mwec in the dixectlAM sbswEi in the diagram. 




X 



1 rv. 

(«) Locate tiie caordliwtBs of the center of amss of tlie f o«r-particlc 
system la tbe coord Inasse systxa shosn in the dMsagrmm* 

(b| Calculate the velocity of the center cof aiass of tUs system. 
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21 (10-10). A force of constaot direction given by 

F - "I kt^ nt (ic - 8 ttt/aec^) 

is exerred on a 2-kg particle vhich is Initially moving at a speed of 
10 til/sec. Find the momentum of the particle at the end of .3 seconds. 



22 (10-13) . A maclcus, originally at rest» ctecays radioactively by emitting 
an electro- of momentum 9.22 x IQ-^^ gm-cnt/seEC, and at right angles to the 
direction of the electron a neutrino with unomientum 5.33 x 10*^^ gm-cm/sec. 
What is the magnitude of th-e momeirtun of the residual nucleus? 



8 
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[a] CORRECT ANSWER: 1800 nt 

In addition to counteracting the weight of the ball, og, the rod must 
provide the required centripetal force, ov^/i, where £ is the distance 
froin the pivot to the center of the }?all. Thus, the tension in the rod 
will be 

We can use conservation of energy to eliminate the 8peed\s^froin equation (1) . 
The Initial position' of the ball is , ' 

<^ h - ^ + ^ cos 37* - 1.8£ y/ (2) 

above the lowest point B. If B is taken as the zero potential energy 
reference, then its potential energy at A is ngh » 1,8 mgJl. This must 
be equal to the kinetic energy of the ball at B. Thus, 

1.8 mg^ » (l/2)mv2 



or 

ft 

mv^ » 3.6 mgl 
Substituting this in (1) we obtain 
T » mg + 3.6 mg - 4.6 mg 
« 4.6 X 40 X 9.8 - 1800 nt 



lb] CORRECT ANSWER: Zero 

The sum of the four forces is 

F - E?i - -15 J + 15 i ,+ 15 j - 15 i • 0 

1 

Therefore, the acceleration of the center of mass is 

- 0 . • 

Each particle is accelerating In the direction of the force exerted on It, 
but the directions and magnitudes of the four^ accelerations are such that 
the center of mass remains stationary, ^ 
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CORRECT ANSWER: 52' 




mg 



The equations of motion in horizontal and vertical directions are, 
respectively 



N sine - m 

r 

where v Is the linear velocity of the bead, and 
N cose - mg « 0 



(1) 



(2) 



Substituting the expression for N given in equation (2) into equation (1) 
yields 

mg sine v£ 
' cose * ffl 

However,, v « ro) » 2irfr, where f ■ number of revolutions per second. 
Therefore, 



4n2f2r - g 



cose 



(3) 



However, r ■ R sln6 
Therefore 



cos6 - 



-8. 



9^0 



A X (3.1A)2 X 4 X 10 
0.62 1 



Therefore 



e - 52* 
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[a] CORRECT ANSWER: 38.2 rev/mln; 5-00 lb 




a) The components of the 
forces in the horizontal and 
vertical directions, respectively, 
are 



mv 



^ - Tj cose + Tj cose (1) 
Tj sine - T^ sine + w 



From equation (2) , 



Thus 



^2 ■ ^1 " sine 



mv^ „ ^ cose 
— - 2Ti cose - V 



But 



-v#"f:7^"' V - ro) - 2irfr 

vher« f is the number of revolutions per second; 
Therfeforey we, have 

ia(?irf)^r - 2Ti cbsQ - w cotO 



f2- 



2Tj cose 4 w cote 



^ 4Tr2inr, ' 
Substituting numerlpal data ve. obtain 



(3) 



(4) 



(5) 



^ (6) 



■■■■ ^ ^^^"'^ 
:f ^'^^/iiv/^c 



3fiU2 r€iV/nin 



vi ^^ '^■;i;■•:0^^^^.^- 
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[aj CORRECT ANSWER: 450 ft-lb; 0 

a) Since the block moves at constant speed, the net force on It Is 
zero. Therefore*, the frlctlonal force must be equal to the horizontal 
component of the applied force; that is 



f - uN - F cose 



(1^ 



The magnitude of the normal iorce N is the sum of the black's weight and 
the vertical component 6f the applied force, so 



N • mg + F sine 
Substituting (2) into (1) we obtain 
wmg + ijF sine - F cose 



(2) 



(3) 



We solve (3) for F» using the fact that for the present problem 6 « 45* so 
8ln6 • cose, to obtain 



*limg 

^ • (1 - w) cose 



The work done on the block is 



W • F*s • Fs cose - H"88 

1 - li 



0.2 X 60 X 30 



- 450 ft-lb 



1 - 0.2 

b) The wo]rk done by the normal .force is 



wjti « N«8 • Ns co890^ « 0 















4 soft ► 
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CORRECT ANSWER: 38 cm ' ^ 

The compressed spring-plus-block represents a system at one energy state. 
In this state the total mechanical^ energy is. the potential energy of the 
spring plus the potential energy of the block. 

State One: Kinetic Energy + Potential Energy )' 



where hj is the initial height of the block. 

After the ^spring is released, the block slides (without friction) up the 
plane until it stops momentarily. At that point we may write. 



+ " 0 + 4 kx^ + mghi 



State Too: 



K2 + U2 - 0 + mghg 



Since the total mechanical energy of the system is conserved, we may 
equate the energy of the first state with the energy of the second state. 
Therefore, 



H + - K2 + U2 



or 



— kx^ + mghi - 



mgh2 



The maximum height would be 



(h2 - hj) 



^ 1/2 kx^ 

mg 



or 
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[a] CORRECT ANSWER; 0.202 

A centripetal force equal to mv^/r Is required to provide the centripetal 
acceleration If the car Is to remain on the (circular) road. Since the 
road Is level, the force must be.,provlded by friction. The frlctlonal 
force Is 

F " yN, - ymg , 
and must be equal to the required centripetal force; lw,e., 

mv^ • 
ymg - 

or 

vi (44)^ 1936 ^ 
^ ■ gr ■ 32 X 300 " 9600 " "'^r^ 

(Note: Use was made of the relationship that 30 mi/hr - 44 ft/sec) 



[b] CdRRECT ANSWER: 9 m/sec2; 18 nt 

I ■ ' . 

a) Since the angular speed of the sphere Is constant, the only acceleration 
experienced by the sphere Is the centripetal acceleration , directed toward 
the center of rotation. The magnitude of this acceleration Is 

a^ - v^r - (o^r - ^9 rad^sec^) x (i m) - 9 m/^ec^ 

b) The tension In the string Is equal to the magnitude of the required 
centripetal force. Thus, using' Newton's second law of motion, 

•T » maj. - (2 kg) x (9 m/sec^) - 18 nt 
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[a] CORRECT ANSWER: 1000 j; 200 w 

a) By definition, the work done by a constant force Is 

W - F-8 

In this casei the force Is directed along the displacement so 
W - Fs - 100 X 10 - 1000 J 

b) From the definition of power ' 

dt 

the expression 

P - F-v , * ^' 

can be derived. 

Since the force and velocity are along the same direction, ve obtain 
P - 100 X 2 - 200 w 



[b] CORRECT ANSWER: 1750 j • 
Energy lost due to friction 

- (KE +'U) j^ - (KE + U)f 

But 

\Ul-Uf 
Thun, energy lost due to friction 

. - (KE)^ - (KE)f 

■ ^ ■ i ' 2 i 2 

- 2 "^1 ' 2 

- 1750 j • 
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fa] CORRECT ANSWER: 1.06 x 10"^ ^ gn-cn/sc^ 

When there is no exterrlal force acting in the system, we know that the 
momentum of the system is conserved. Since the momentum of , the nucleus 
is zero before the decay, the total momentum of the electron, the 
neutrino, and the nucleus must be zero after decay. Therefore, we 
may write: 



+ P2 + F 



^3 



where Pi Is the momentum of the elecj:ron, ?2 that of the neutrino, P3 
that of the nucleus. The sum of + ?2 calculated easily 

because of geometry. Therefore, 



or 




P. 



[b] CORRECT ANSWER: 13.3 kg-m/sec » ' 

Taking the bottom of the track as the zero potential energy reference, 
^and using conservation of energy we find 

Potential Energy at A - Klhietlc Energy at B 



or 



mgR 



2 m 



where p - mv 



ERIC 



Thus, 



p - mJl^ 3/2(9.8) (1) - 13.3 kg-m/sec 



16 



(a] , CORRECT ANSWER: -23.2 J 
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ilsln 8 



n - 



AE - (m + U)f - (KE + U)jL 

- {- nwf 2 + o) - (I mvi^ + og£ sine) 

- ^ mfv^^ - _ 2g)L sine) 

- 1,2 - 2(9.8)(2)(i)l 
2(-11.6) - -23.2 j 



[b] CORRECT ANSWER: '45° 

highest point ■ J "^x^ 
slncy Vy at the highest point la zero 
Given: m^round ' 2('KE)hl8hest point 
Substltxftlon yields ' 



O ■ 

ERIC 



4 m..- - 2(f i-vjc^) 



2 ° 



Therefore 



*^/o But> In addition 



Therefore' 



00 - 45* 
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la] CORRECT ANSWER: 2A.5 m . 

Using conservation of energy, the mtmed of the particle at point B is 



- /2gh7 (1) 



The tljne of flight may be obtalnuL f=«a 

^2 - Voyt + I gt2 « ' h2 - 1 gt2 



where 



V - 0 

oy 



Therefore 

The required distance is 



- ^ot 



2ghj2h2 



X = 24. 5 m 



[b] CORRECT ANSWER: 56 kg-m/sec 



Pf - Pi - f ' Fdt 
Pf - Pi + I {4kt2) dt 



•o 

- (20 + 36) kg-m/sec - 56 kg-m/sec 
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[a] CORRECT ANSWER^, x 



cm 



2 ft; ycm " 1*3 ft 



Divide the piece of wood into a rectangle and tsoo squares of ii.«M8 8 ft^, 
1 ft^ and 1 ft^ respectively. The masses and the coordinates f the 
centers of mass of these pieces are 8p, Ip and Id and (2.0, 1.1;, (0.5, 2.5) 
and (3.5, 2.5), respectively, vhefe 



Therefore 



and 



0 " mass un±-ts/ft 



Xcm 



Ycm 



i^^i 



16p + 0.5p •«■ 3.5P 
lOp 

2 ft 

Bp + 2.5p + 2.5p 

lOp ' 

- 1.3 ft 



[b] CORRECT ANSWER: -.375 j 



-.25 m 



position 



.15in - 



iWlMlTiYiYlYi 



initiiil 
position 



^dmmmmmmwm 

— .30rr — • . • 



final 
position 



Work done on spring 



I kx dx « y kx^ generally. 
0 ^ 



Work done on spring In "stretching" from 0.15 m to 0.25 m (a displacement 
of 0.1 m) 

- -ikx^ - - | (100X0.1)^ 

- - 0.5 J. - 

Work done on spring from 0.25 to 0.30 (displacement of 6.05 m) 

- + i kx* -+ Y (100) (0.05)* 

- +.125 j ■ ' ' 
Total work done on spring - -.375 j 
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COEBBTT ANSWR: (a) - 2m; " 2m ' (b) Zero 

(a) The. position vectors of the four narticles are 

^ - - 0 T^- a ?3 - 'i + 4J - 4J 

Therefww* ^ 

S^i'^i 0 + 121 + (m + 121) + 12 j 



or 

^cm ■ 2» and - 2m 

(b) TvHe aomeitum vectors of the four particles are 

Pi - -30j P2-30i' -P3-30J' $^'-30i , 

Therefore 

„ - - -301 + 301 -h 30.1 - 301 

12 

•0 



CORRECT ANSWER: 1530 ft 
— -ma • 



Thus 



m(7g) 



. vi _ \ ||00Z_ . 1530 ft 

i72, 7 X 32- 



G 



/ 



20 
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(a] COBRECT ANSWER: 45 ft- lb 
By definition 



W E [! Fg ds - I 

*, •'X. 



•i —1 

Using the given data, with - 0 and - 3.0 ft, we obtain 

'3.0 



lOx dx - 5x2 



3.0 



45 ft-lb 



[b] CORRECT ANSWER: B 
Since 

dU - -F dx 
•0(x) 



J-0(xJ 
U(») J, 



F dx 



we obtain 



Paced 






note 

ALL WRITTEN MATERIAL APPLICABLE TO 
THE FOLLOWING SEGMENT IS CONTAINED 
IN THE PAGES BETl^JEEN THIS COLORED 
SHEET AND THE NEXT. 
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1.(11-1). The diagram dhows the dependence of the force applied by a 

mallet to a croquet ball 
during the time of 



2 (11-5). A falling tennis ball of mass 4 oz strikes the floor 
vertically at a speed of 16 ft/s)ec and rebounds upward at 16 ft/sec. 
The ball was in contact with the flooi: for 0.01 sec. What wafir'the 
magnitude of average force during contact? 



3 (11-11). A 500-kg flat car can roll withput friction along a strai; 
horizontal track. A 100-kg man is standing still on the car when it 
moves to the right at 5 m/sec. The man starts running to the left and 
he picks up a speed of 6 m/sec relative to the car before Jumping off 
the car at the left end. What is the speed of the car at the n^oment 
the man Jumps? 



4 (12-1, 11-^18). In a one-dimensional elastic collision, between two > 
particles, an 18-kg mass is initially moving to the right with a speed 
of 5 m/sec. The second particle \rLth a mass of 2 kg is initially behind 
the first and is also moving, to the right with a speed of 20 m/sec. 
What is the speed of each particle -immediately after the collision? 




contact. If the magnitude 
of the total Impulse 
imparted to the croquet 
ball by the mallet is 
0.4 lb-sec, what is the 
maximum value of the mag- 
nitude of this impulsive 
force? 



timo (s) 
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5 (12-6> 11-15). A 15-gjn wood block rests on a frictionless horizontal 
surface. A 5-gra bullet Is fired horizontally and becomes embedded in- 
the block- What fraction of the bullet's kinetic energy is dissipated 
(converted' to other forms of energy)? ^ 



o 



6 (12-10). A particle of mass m moving with an initial speed of 7 m/sec 
collides elastically with an identical particle which is initially at 
rest. After collision^ the path of the first particle is observed to 
. make an angle of AS'* with the initial direction. Find the speeds of the 
two particles after 'collision 



in 



7 (12-14). A pair of frictionless inclined planes are so oric^nted 
that the paths of two particles > on^ sliding down each plane > intersect 
at right angles on the level surface at the instant of collision. If 

each particle has a mass 
of 2.0 slugs and they 
both start 32 ft above 
the level surface^ find 
the speed of the combined 
mass after a perfectly 
inelastic collision. 




32 ft 



8 -(i3-l). Two particles with respective masses of 1.0 kg and 9.0 kg 
are held fixed at points 1.0 m apart. How far from the loO-kg. particle 
must a 2.0-kg particle be placed so that it will remain at ^est while 
the gravitational force due to the fixed masses is acting upon it? 



9 (13-4). Derive an "expression for the speed of a satellite of jnass 
m in circular orbit around the Earth in terms of the mass of the earth, 
Me> and the radius of the' satellite's orbit, r. 

A. V - Gf^^ ' B. V - 

/ C. V - 1^ ^ p. V"\/^ 
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10 (iSriO, A-£l). A mass m is. piacie4 on 't^^^ stul^fMei of the Earth. 
The stavl rational at tract ix>n i(f the Earth fo>,iBtc^^ bb 



• F - G 



(1) 



On the other hand, the weight' of a body with mass m* ca^^^^ as 



. w m .g 



(2); 



where g Is the acceleraibldn with which the body $alls towatrd 5^he Earth* 
Do the sytnbols m and m' In (1) an'd (2); stand for ludr'tlal or graXd 
tlonal mass?^ v ■ . '/ \ ^_ , . ^- .■'-■■^jry }::^')-, 

" y-' ' .^^ '^-.V ■"' , ■• .:■ ' / > / ■ ^ v.^v.;.^.'i 

A. both gravitational^. ' > / \ 

3. '-botli ±nertlal>''. " ■:\ ' ' ■ \ 

C. m gravitational, cm': Inertial 

D. m Inertlal,' m! gravitational \ . ^ 



il (13-11). Because of the' rotation cif the Eairth, a. plisnb bob does not 

r hang exactly along the^ 
' direction of tlte gr^vita-f 
* tlottal pull . hiif, deviates 
from 'this, direction by a 
small angle 4^ ^ 




ERLC 



In the diagram, the bob swings southward in the plane of the paper. If 

a ■ co^R cosfi is the racial acceleration^ of the body at latitude 9 and g' ^ 

is the ikccelaratlon due to gravity at the surface of the Earth, the relatlt»nshlp . 

between (() arid latitude (6) is: 



A. cot(|) ■ cot 6 



B. * tot^ 



, g cosS - a 
g sinB * 



C. tan(() ■ 



a)^R cbs& 8ln9 
g + w^'R cos'^e 



D. tan* - 

g sine ' 



/ 
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12 (13-19) 



A spherical body Is made up of two concentric shells of 

different mass densities. The 
shells have masses and in2» 
respectively. The Inner and 




outer radius of mi are 



1» 



those of iQo are r. 



r and 
and r. 



as shown In the diagram. The 
density of each sh^ll Is unl- ' 
form. Derive an cxpressloii for 
the magnitude of the gravita- 
tional field- strength at a 
point P located between the two 
shells. 



A. 



B. 



C. 



D. 



Gmi 



Gm2 
2 



ri- r2 
zero 



m 



13 (14-6, U-1, 13-15). Three particles 
of equal mass m * 2.0 kg are placed at 
the vertices of an equilateral triangle 
of aldc^ a " 2.0 m as shown. Calculate . 



a) the field at the center of mass 
of the system (point p) 

« . 

b) the gravitational potential at 
the same point 

c) the work that must be done by 
an outside agent In order to 
move a 3.0-kg particle from a 
point at Infinity to point p 



•p 



m 



m 
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14 (14-10). Two equal point masses each of mass M are placed i 
distance Ar apart. Midway between the two masses at point p, the 
gravitational field is zero and a point particle of mass ro is trapped 
there. However, If m is disturbed and allowed to escape towards one 
of the larger masses M, the kinetic energy of mass m when it is a 
distance r from- M is < 



A. 

B. 
C. 
D. 



GMm- 
r 

GMn 
2r 



GMm . 
3r 



15 (14-14). What is the minimum speed necessary for a Lunar Module 
to escape the moon's gravitational field (escape velocity)? 

GIVEN: M - moon's mass - 7.78 x 10^2 kg 

- R ■ moon's radius 1080 miles 

m ■ mass of Lunar Module ■ 1000 kg 

G - Universal Gravitational Constant - 6.67 5< 10"^^ nt-m^/kg 
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CORRECT ANSWER: C / 

Everybody on the surface of the Earth rotates In a circle with center on 
the Earth's axis. It therefore has a radial acceleration a ■ w^r towards 
the axis (r ■ R cos6)* The equation of motion for the bob is 

^ + mg ■ ma 

where T - tension In the plumb line. 

We choose a set of axes oriented In the direction of the gravitational 
force. 

The scalar equations for the x and y directions are 

- mw^ R cos6 sln6 
Ty - g + mw^ R cos^O 
Combining the last two equations we obtain 



- Tx . (0^ R cos6 sln9 

tano -rr" — ^ ^ ttt 

Ty g + 0)^ R cos'^6 



N J 


\ 

\ 




ma Xv-, 

— <i ysa 






U R— ^ 








s 



CORRECT ANSWER: D 

Using conservation of energy principle for particle m we obtain 
KE + PE at center - KE + PE at new location 



Therefore 



2r " 2r " r'' 3r 



V17 m 



GMm 



SEOIENT 17 7 

[a] CORRECT ANSWER: a) Zero ' b) -3.5 x 10"^" j/kg c) -11 x 10~^<' j 
a) 

'y . 





X 



With the chosen coordinate system as shown in the figure, the coordinate 
of the center of mass of the syste'-i Is 



The field at that point may be represented as the sum of three vectors with 
the same magnitude. The angle between any two of them is 120^. Thus the 
field at that point is zero. 

b) The potential at the center of mass can be calculated as the algebraic 
sum of three equal terms 



V - . -3^ ^ - -3.5 X 10-10 j/kg 

(i) m m ; = 

c) The work that must be done against gravity is equal to the potential 
energy of the 3.0-kg petiole in the field of the other three particles. 
^ This Is equal to the mass times the potential at p, i.e., 

U - m'V « -10.5 X 10-10 j 

ErJc 11 X 10-10 j 
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[a] CORRECT ANSWER: 6 m/sec 

Since there are no external forces momentum must be conserved. Taking 
the ground as our frame of reference, we obtain for the momentum of the 
system before the man starts running 

Pi - (m + M)vo (1) 

where m and M are the masses of the man and car respectively, and Vq Is 
the Initial speed of the car. Let u be the "speed of the man relative to 
the car, and v be the speed of the car relative to ground. The velocity 
of the man relative to ground Is v + u or, in scalar fom. v ~ u (recall 
that V is to the right and u is to the left). Thus the total final 
momentum becomes 

Pf « Mv + m(v - u) - (ffi + M)v - mu (2) . 

Conservation of momentum (pi « Pf ) gives 

(m + M)Vo « (M + m)v - mu 

or 

V - Vo + — XTT u « 5 + -—^ X 6 - 6 m/sec 
^ m + M 600 



[b] CORRECT ANSWER: 400 lb 

From the def inition\of impulse 



on |C 



• Jf dt/' 



J 

we know that the magnitude of the impulse Is area under the shofwn curve. 
Thus, 



and 



J « -J (height) X (base) 



F - (height) - 2J/(ba8e) 
0.002 



\ 
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[a] CORRECT ANSWER: 1.53 miles/sec 

The gravitational potential energy of the Lunar Module on the moon's 
surface is - / 

IT GMm 

Ui iT- 

We know that the gravitational potential energy of the Lunar Module will 
be zero at an infinite distance from the moon. Basically then, we want 
to give the Lunar Module enough initial velocity to carry it all the way 
to "infinity^' and, when it gets there, its velocity should just be zero. 
In equation form, this becomes 

on the moon at infinity ^ ^ 



but 
and 



0 (reference point of potential energy) 



• 0 (see discussion above) 

OQ 



Therefore, 



1 2 GMm 

— mv — — — « u 

2 escape R 



and thus. 



J 2GM 
V- .— 



or 

V - 1.53 miles/second 
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[a] CORRECT ANSWER: " 8 m/sec; -7 m/sec 

Let and m2 be the masses of the small and large particles, respectively. 
Let Uj and U2 be the Initial speeds of and mj, respectively. 



From conservation of momentum we obtain 



mjUj + mgUj ■ nijVj + mjVj 



and from conservation of kinetic energy ve obtain 
1 2 J. 1 _ .. 2 _ 1 ? J. 1 2 



2-1 mjvi^ + i m2V2' 



Rewriting (1) and (2) as 

"l^"! " ^1^ ■ °2^^2 r "2^ 
mj(Uj2 _ Vj2) . mjCVg^ - Ug^) 

and dividing (4) by (3) we obtain 



"1 + ^1 ■ ^2 + "2 



or 



«l - "2 ■ ^2 - 



From (6) 



Uj - U2 + Vj 



Substituting (7) Into (3) we find 

« ■ 

°l " °2 



Vj - 



«l + 



Z ^2 

mj + mg 



mj + m2 

Substituting the given numerical values, we obtain 



(1) 
(2) 

(3) 
(A) 

(5) 
(6) 

(7) 



V2 



2 - 18(20) + ^ii§i(5) 
2 + 18^ ' 20 

-7 m/sec 

20-5-7-8 in/sec 



ERIC 
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[a] CORRECT ANSWER:: 5 m/sec; 5 in/sec 
Before Collision 



After Collision 



m 




Applying the conservation of momentum for the x and y directions, we 
obtain 



Uj - Vj cose + cos^ 



and 



(1) 



(2) 



0 - Vj sine - Qin^ 
Squaring equations (1) and (2) and adding yields 

Uj2 . v^2 + - 2VjV2 sine sin* + 2 v^v^ cose cos* (3) 
(noting that sin2x + cos2x -1) 

The conservation of kinetic energy for identical particles yields, 
Ui2 . vi2 + 

Comparing equations (3) and (4), ve obtain 

; sine sin* ■ cose cos* (5) 
Therefore 

e + * » 90* 

Hence 

■a '» 

♦ - 45* 

Substituting awnerical values In equations (1) and (2) we obtain 
Vj " 5 m/sec and ■ 5 m/sec 
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CORRECT ANSWER: 25 lb 

Ap •» m(V£ - vj^) - p At 
where - rebound velocity and V£ - Impact velocity 
Thus 

Ap - m V£ - (-Vi) - F At . 

f L 11- 25 lb 

At At 



CORRECT ANSWER: B 

A satellite in circular orbit experiences a centripetal acceleration 
a^ - vVr. The gravitational force on the satellite of magnitude 
GmMg/r^ is the only force acting on it and the force must be equal to 
the required centripetal acceleration, mv^/r. Thus 




or 

V - y/G Mg/r 
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CORRECT ANSWER: 0.75 

In the horizontal direction, there are no external forces acting on the 
wooden block or the bullet. Consequently, the initial horizontal momentyxn 
of the bullet and block before collision must be equal to the final hori- 
zontal momentum of the bullet and block after the bullet becomes embedded 
in the block. Therefore, we can write that 

mv - (M +- m)V 

where m ■ mass of bullet 

M " mass of wooden block 

V - initial velocity of bullet 

V - filial velocity of bullet plus block 



Consequently, 

y . (M -H m) ^ (1) 
m 

The fraction f of the bullet's initial kinetic energy that was dissipated 
during the collision can be determined by 

i nitial KE - final KE 
initial KE 



f . 

Therefore, 



i mv2 - 1(M + m)v2 
* ■ T \ 

Rearranging, we obtain, 

(2) 



f - 1 



Now we can Insert the expression for v from equation 1 Into equation 2 
to yield. 



f - 1 



/ m + m\ / Vm \ ^ 



next page 
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continued 



or 



f - M _! 
M + m 

Notice that this fraction does not depend ixpon any velocities. Substituting 
the known values we obtain 



[a] CORRECT ANSWER;. 32 ft/sec 



A 



Using the principle of co»»«rvatlon «f e^jergy, the speed of each particle 
jvBt before colllalon 



ERIC 



u - /2gh for both 
Applying conservation of snomentum^ we obtain 



mu 




momentum before colllslon'^omentum after 
collision 

2m^u^ - 2mV 

where V " speed of combined 
mass after collision 



Hence 



2^. J!^ 



V • i/gr - 32 £t/sec 
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CORRECT ANSWER: B 

The gravitational field strength Inside a spherical shell of uniform 
mass distribution is zero. The outer shell, therefore, will not 
contribute to the field at P. 

The contribution of the inner shell will be the same as if all of its 
mdft* . mj, were concentrated at its center. Thus, the magnitude of the 

field at P is 



Y - Gm./r 



CORRECT ANSWER: C 
In the expression 
GoM^ 



m clearly stands for the gravitational mass. On the other hand m* 
represents an inertlal mass as g is given as an acceleratiojti and (2) 
Is merely a statement of Netwon's second lav. 



16 
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CORRECT ANSWER: 0.25 m 



1-X- 



I 

-6 

9 kg 



since gravitational forces are iattractlye the point In question must lie 
between the two given particles so that the respective forces on the third 
particle are equaj^n magnitude but opposite In direction. Let this pointy 
P> lie a dlstiihce x from the 1.0-kg particle. Then 



and 



'2' (1 _ x)2 



We must have 



Thus, 



Fj » -Fjj or 



Gm m 

1__3. 

x2 



If,! 



Gm m 
(1 - x)2 



or 



or 




1 1 




m2 X (1 - x) 



1 - X 



Finally t 



0.25 m 



1 + M^/m^ 1 + 3 
that l8» the point In question lies a distance 



X - 0.25 m from the 1.0-kg 'particle 



